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Resin Infusion Process is a common process that is used in industrial application 
nowadays. This technique is capable of producing high mechanical strength and high 
quality product cost effectively. Although the Resin Infusion Process is common, there 
is little evidence that the quality of the material that has been produced is reproducible. 
Hence, it is important to know whether the Resin Infusion Process is a repeatable 
process or not. The objective of the project is to investigate how repeatable is the Resin 
Infusion Process of wind turbine blade with regards to its properties. Two blades will be 
fabricated using resin infusion which is called Sample 1 and Sample 2. The blades are 
then cut into 25 mm x 25 mm specimens. The specimens are burned in the muffle 
furnace until fibres is the only remaining materials. The property of interest in this 
project is the void content. Loss in ignition test will be used to measure the void content 
in reinforced fiber according to the ASTM standard D2584. The void content value for 
each specimen is calculated using ASTM Standard D2734. The final result that is 
obtained from the experiment show that the Resin Infusion Process is not repeatable 
process based on the setup that has been done when Sample 2 has lower void content 
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1.1 Background of Study 
 
One of the most efficient ways of reducing carbon dioxide release is the application 
of wind turbine system. Energy from wind turbine is regarded as the most clean, 
renewable and highly potential for large scale installation to cater increasing energy 
demand [1]. This has lead to development of composite in blade part design as well as 
its manufacturing process i.e. Resin Infusion Process. This technique use material such 
as carbon fiber fabric and fiberglass, along with resin, epoxies and vinyl ester in order to 
laminate the material together with a vacuum bag operation. The advantages of this 
technique are high quality and high mechanical strength of composite products can be 
produced with less manufacturing cost.In typical vacuum infusion process (VIP), a dry 
reinforcement will be placed in an open mold. To avoid any leakage during sucking 
process, a laminate bag is laid onto reinforcement and sealed. Then, the vacuum will be 
use in order to pull the resin into the lamination section. Once the complete vacuum is 
achieved, the resin will be sucked into the laminate through the inlet pipe and distributed 
through the composite material. As the penetration process goes on, the remaining resin 
will be sucked by the pump and will send it to the outlet basin. The process will continue 
until the complete infusion is obtained. The result of this process is the reinforced 





Basically, this is a manufacturing technique that is suitable for large load carrying 
composite and sandwich structure such as marine vessels, cooling trailers, hull of boats 
and etc [2]. However, producing a successful part using Resin Infusion Process can be 
very challenging due to complex geometry and predicting the flow front through mold is 
also a difficult problem [3]. Although the Resin Infusion Process is common, there is 
little evidence that the quality of the material that has been produced is reproducible. 
Hence, it is important to know whether the Resin Infusion Process is a repeatable 
process or not. The property of interest in this project is the void content. Voids are 
formed mostly due to leakage in the connection, evaporation of volatile components in 
the resin, gas dissolved in the resin coming out  of solution, shrinkage of the resin and 
not properly degassing of polymer matrix[4]. 
 
1.2 Problem Statement 
 
Although the Resin Infusion Process is common, there is little evidence that the 
quality of the material that has been produced is reproducible. Hence, it is important to 
know whether the Resin Infusion Process is a repeatable process or not. So, this project 
will be done in order to investigate this. 




The objectives of this project are: 
1. To investigate the repeatability of Resin Infusion Process with respect to the 
property of composite product. The value of interest in this project is void 
content. 





1.3.2 Scope of Study 
 
The scope of this study is based on wind turbine blade polymer composite 
manufactured by using resin infusion technique. The base material of the wind turbine 
blade is made from wood and it is laminated with glass fibres reinforce plastic. In this 
process, the resin used were the mixture of vinyl-ester, methyl ethyl ketone peroxides 
(mekp) and cobalt. In this project, the blade will be fabricated by using the trailing to 
leading edge method, this process will be repeated so that the properties of infusion such 
as void content can be calculated and compared. Then, the result was analyzed covers 
from root to tip view, trailing edge to leading edge view and the mapping of void content 


















2.1 Resin Infusion Process 
 
There are several methods that are popular in operating the resin infusion, some 
of them are Resin Transfer Moulding (RTM), SCRIMPT, resin infusion by flexible 
tooling (RIFT), and vacuum assisted transfer moulding (VARTM) and resin film 
infusion (RFI).  All of the method that is highlighted apply the same basic principle but 
not limited to tooling and size of application.In this project, Resin Infusion Process is 
used to fabricate polymer composite wind turbine blade [5]. 
Pressure is applied to the laminate once laid up. A plastic film or also called the 
vacuum bag is sealed over the wet laid up laminate and the tool. The air under the bag is 
sucked by the vacuum pump and this will make the resin flow through the mould and 
impregnates the glass fiber and core. Once the reinforcement is completely infused, it is 
left to specific temperature to be cured. The bag is then removed and the end product is 
taken out for further processing .This improvement provides a significant clean and 
healthy working environment over the conventional hand lay-up method, the high 





 Figure 2.1 below show the arrangement done during t
           Figure 2.1
Resin Infusion Process 
described in this law. Darcy Law can be simplified to this equation as shown below 
Fill time   =      
 
 ∆
                 
Where: 
  = viscosity 
	
 = flow length 
 = permeability 
∆ =Pressure difference
2.2 Resin Infusion Strategies
 
The resin infusion technique operates by flowing resin from inlet to outlet across 
the interest area which is
conducted in various strategies and each strategy has different influence to the qual
the wind turbine blade [
outlet ports and their arrangement combination to achieve the best quality laminate and 
5 
he Resin Infusion Process
:  Sequence of vacuum infusion 




 the wind turbine blade and glass fiber.  This process can be 





 to reduce infusion time. There are two type of infusion strategies which is point feed 
type and line feed type. 
Point feed type is a simple feed type. The end of a hose will conne
material. Because of it only has one exit for resin flow out, it has tendency to develop 
angular progression which is led to macro void formation. Figure 
example of point feed flow on perform [7
 
Figure 2.2
For line feed, spiral tubing is the main factor in order to extend the point where 
the resin entered the mold. Line of spiral tubing is positioned perpendicular to the flow 
direction. As the process started when the resin is s
the cavity made by the spiral tubing. In this case, the spiral tubing acts as resin supplier. 
Once the whole cavity is filled up, the resin initially infused out to the reinforcement and 
a consistent flow front wo




:  Point feed type flow on perform [7] 
ucked into the mold, it will first fill in 
uld likely to be observed. Figure 2.3 below show the example 
]. 
cted straight to 
below show the 
 
 Figure 2.3
Each strategy that is used may bring the different in the result that is obtained. 
For this project, only line 
formation of void is unavoidable fact and each strategy produce different inclusion of 
the void. Void formation can happened when air is trapped during the formulation of the 
resin system, in resin r
storing and processing [2
 
2.3 Void Content 
 
Voids are generally seen as air bubbles trapped during a composite fabrication. It 
is one of the common types of defect that must be look after. Void content measure the 
void in the reinforced polymers and composite. Theoretically, if the value of the void
content in the composite is high, the strength of that composite will be reduced. 
statement can be proof on some research on influence 
strength of carbon/epoxy fabric laminates by 
they have found that, the void shape, size and location are important in influencing 
whether or not a crack emanates from a void. The stacking sequence affect the void 
shape and size and in turn influence the effect of voids on the mechanical behavior
composite laminar. 
7 
:  Line feed type flow on perform [7] 
feed type was used. By using Resin Infusion Process
ich areas, and due to moisture absorbed during the ma
]. 
of voids on inter






 laminar shear 
rch, 
 of 
 So, it is very important to get the information on the void content. According to the 
ASTM standard, there are two ways to measure the void content which are acid 
digestion method and loss 
used to measure the void which is loss on ignition method.
 
2.4 Repeatability Test 
 
One important aspect of experimental studies is their repeatability. Repeatability 
is a property that allows 
reproduced .Repeatability has two functions which 
(i) To make makes experimental results available for comparison with other research
(ii) Guarantees the consistency of experimental
In this project, repeatability test is done in order to investigate how repeatable is the 
Resin Infusion Process 
has been performed with the same methodology and concept, but until now, there is
research that has been established to pro
8 
Figure 2.4: ILSS fraction vs Void Content 
on ignition method.  For this project, only one method will be 
 
experimental studies to be repeated and the results 
are [9]:  
 results 
of wind turbine blade. Although Resin Infusion Process













3.1 Materials and Equipments 
 
The equipment that were used in this project are listed in Table 1 below 
MATERIALS/ EQUIPMENTS DETAILS 
Wind turbine blade polymer composite To test the property of void content 
Stationary a. Cutter 
b. Ruler 
c. Marker 
Vernier caliper To measure the thickness of the wind 
turbine blade polymer composite  
Electrical balancer To measure the weight of the specimen  
Linear abrasive cutter machine To cut the wind turbine blade into 
specimens 
Rotating abrasive cutter machine To cut the polymer composite to the 
desired dimension 
Furnace To burn the specimen to the required heat 
needed for loss ignition tes 
Resin infusion equipment a. Vacuum pump 
b. Resin storage and resin trap 
c. Plastic bag 




f. Degassing Chamber 
g. Peel ply 
Reinforcement E-glass fiber 
Polymer resin Vinyl Easter 
  
         Below are the images (Fig 3.1- Fig 3.12) of some equipment that were used in this 
project: 




 3.2 Process Work Flow
 
Figure 3.13 below show the process work flow that need to be done in order to 









3: Process work flow for the project 
 3.2.1 Blade Fabrication
Based on the Figure 
portions which are leading 
used in this project has 
the figure 3.15 below. In this project, the wooden wind turbine 
eight layers of glass fibers.
The composite materials used as the ski
mat glass fibre with 0
o
/90
that was used is vinyl ester with the density of 






Figure 3.14: Design of the blade used 
3.14 above, wind turbine blade can be classified into 4 
edge, trailing edge, and root and also tip. 
some curved surface on the upper side of the blade as shown in 
blade was
 
Figure 3.15: Blade cross section 
n of the wind turbine blade are, w
o
 of weft/kerb direction with the density 2.54 g/cm
1.24 g/cm
3







The blade that is 




. The resin 
was mixed 
. 
 The blade then manufactured using 
edge. For this method, the spiral tube
trailing edge. Tube at the trailing edge 
(blade). Tube at the leading edge will connect with the vacuum to suck out all the air in 
the mold that is sealed with the peel ply
flow [6]. 
Figure 3.
After all the remaining resin was suck out by the vacuum, the blade was left 
about one day for the curing process.  The completed product of 




the method from trailing edge to le
s were assembled both at the leading edge and 
acted to channel the resin to enter to the mold 
. Figure 3.16 below show the example of resin 
16:  Line feed type, trailing edge to leading edge
Resin Infusion Process
 








3.2.2 Repeat Blade Fabrication 
 
After processes of infusion strategy which is line feed type: leading edge to 
trailing edge was done, the process was repeated for the repeatability test. For this 
project, two blades were fabricated. Repeatability test was done in order to investigate 
how repeatable is the Resin Infusion Process of wind turbine blade. This repeatable 
process will analyses the void content for each blade and compares it with another blade 
that was fabricated from the same process. As an example, for the blade that was done 
first was named as Sample 1 and for the repeatable process of the blade was named as 
Sample 2. Both of these blades were compared in order to know the repeatability of the 
Resin Infusion Process. 
3.2.3 Specimen Preparation 
 
Specimen is a portion of material that was used in the testing. For this project, 
the wind turbine blade polymer composite was divided into 9 column X 5 row. The 
column started from column 1 which is from root until at the end of the tip at column 9. 
For the row, it was divided into 5 parts which is labeled (A,a,B,b,C). Row A was at 
leading area whereas Row C was at trailing area. For each wind turbine blade, a total of 
54 specimens were taken. 27 are from upper side and another 27 are from lower side.  
This project requires fabricating 2 wind turbine blade. The totals of 108 
specimens have been analyzed to complete this project. Figure 3.18 below show the 
division of wind turbine blade. 
 To prepare the specimen, the lines 
polymer according to F
has been sketched using the linear abrasive cutter machine. Each piece will be labeled 
according to its position. 
using the linear abrasive cutter.
Next, the polymer composite will be split from wood by using rotating abrasive 
cutter machine for each block. The dimension of the required specimen is 25mm X 





Figure 3.18: Division of blade 
were sketched on the wind turb
igure 3.18. Then, the blades were cut according to the line that 
 Figure 3.19 below show the actual view of the blade after cut 
 
Figure 3.19: Blade after cutting process 
 




 (Refer appendix 
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3.2.4 Loss Ignition Test 
 
According to the standard ASTM D2584 [11], for the loss ignition test method, 
the samples from the fabrication part were cut into specimen with the dimension of 
25mm x 25mm. Then, weight (m1) and density of every specimen were measured. A 
crucible need to be heated in the furnace at the heat around 500-600°C for 10 minutes. 
Then the crucible was cooled and weighted (m2). The specimen was placed inside the 
crucible and heated by using the Bunsen. The crucible was heated inside a furnace at 
565°C for 40 minute. After cooled, the crucible was weighted (m3) [2]. 
Figure 3.18 below shows the specimen tested using loss ignition test. 
 
Figure 3.20: Sequence of the specimen while tested in loss ignition process. (a) Before 
burning (b) After burned using Bunsen (c) Complete burning process in furnace 
3.2.5 Data Analysis 
 
Data analysis needs to be done in order to measure the void content and analysis 
of each sample. The void content analysis was performed according to the standard test 
method ASTM D2734 [10]. First, the densities of each composite, resin and fiber need 
to be measured. Then, resin content of composite is measured by using the value that 
was gained from loss ignition test and the theoretical composite density was calculated. 
The difference between theoretical and measured density of composite will show the 
result of the void content [4]. Finally, after all the result has been obtained, compare the 
17 
 
result with the repeated blade. The result will show either the Resin Infusion Process is 
repeatable or not. The calculations involved are: 
 
i. Calculation for measured density 
 
Desnsity,  =  
 
 
 −  +    (Eq. 2) 
 
Where: 
A = Mass on air,g 
B = Mass in water,g 
 =    !! "#$ 








/-    
/0
2 100      (Eq. 3) 
 
3" = 100 − ."                                                      (Eq.4) 
 
Where: 
Rwt = weight percent of resin, %w 
Fwt = weight percent of fiber, %w 
m1 = weight of specimen, g 
m2 = weight of crucible, g 























 2 100    (Eq.6) 
Where: 
Td = theoretical composite density 
Md = Measured composite density 
Fwt = Fiber weight, % 
d = density of fiber 
V = Void content (volume %) 
Rwt = Resin Weight % 

















 Two polymer composite wind turbine has been fabricated. Void content 
and its distribution are then calculated using the specimen’s weight and density. The 
average void content of the two blade samples are calculated. Comparisons between two 


























RESULT & DISCUSSION 
 from Root to Tip 
 4.1 and 4.2 below. 










 Figure 4.2: V
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Figure 4.1 and 4.2 shows the relation between the void content in the upper side 
of the two blades. For this analysis, the comparison is made from root to tip point of 
view (upper side). 
Based on the figure 4.3 above, the average of void content for these two samples 
is not same. For the Sample 1, the average for void content is 10.94%. But for the 
Sample 2, the average of void content is lower with only 8.32%. The distribution of void 
in each block also different when for the Sample 1, the void is higher at the left (root) 
side and right (tip) side. But, for the Sample 2, the distribution of void is higher at the 
middle area. 
Based on the average void content on both samples, Sample 2 has  lower average 
void content compared to Sample 1.The void distributions for the 9 division in root to tip 
direction (upper side) between two samples are not showing same distribution of void. 












 For the lower side of void content,
the figure 4.4 and 4.5 below 
Figure 4.4: Void









































 the comparison between two samples 
 
 content in percentage for Sample 1 (Lower 
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Figure 4.6: Average of void content in percentage for Sample 1 & Sample 2 (Lower side) 
 
Figure 4.4 and 4.5 shows the relation between the void content in the lower side 
of the two blades. For this analysis, the comparison is made from root to tip point of 
view (lower side).  
. For the comparison between these two samples, the average of void content for 
these two samples is not same. Based on the figure 4.6, for the Sample 1, the average for 
void content is 10.51%. But for the Sample 2, the average of void content is lower with 
only 7.71%. The distribution of void in each block also different when for the Sample 1, 
the void is higher at the left (root) side and right (tip) side. But, for the Sample 2, the 
distribution of void is higher at the left, middle and the right side. 
Based on the average void content on both samples, Sample 2 has  lower average 
void content compared to Sample 1.The void distributions for the 9 division in root to tip 
direction (lower side) between two samples are not showing same distribution of void. 


















4.2 Void Comparison from Trailing Edge to Leading Edge 
 
 
Figure 4.7: Average void content in trailing, intersection and leading edge for upper 
side    
 









































. Figure 4.7 and 4.8 shows the relation between the void content in trailing edge, 
intermediate area and leading edge for upper and lower side of the blade. For this 
analysis, the comparison is made based on three different major areas which are trailing 
edge (inlet of resin), intermediate area (middle) and leading edge (outlet of resin).  The 
leading edge covers the section A area while intermediate and trailing edge cover section 
B and section C respectively.  
For the upper side of the blade analysis, blade for Sample 1 has higher void 
percentage at the inlet (trailing edge) compared to the Sample 2 which are 12.85% and 
8.49% respectively. At the intermediate area, both Sample 1 and Sample 2 show the 
decreasing of void percentage with Sample 1 has 11.78% and Sample 2 has 7.42% of 
void content. But, at the outlet area which is leading edge, sample 1 has lower void 
content compared to Sample 2 when Sample 1 has 8.20% and Sample 2 has 9.04%. 
For the lower side of the blade analysis, blade for Sample 1 has higher void 
percentage at the inlet (trailing edge) compared to the Sample 2 which are 12.85% and 
8.49% respectively. At the intermediate area, both Sample 1 and Sample 2 show the 
decreasing of void percentage with Sample 1 has 10.79% and Sample 2 has 7.20% of 
void content. At the outlet area which is leading edge, Sample 1 show the decreasing of 
void content with 9.53%. But, Sample 2 shows some increment of void content at the 
outlet area with 7.42%. 
The void distribution for the three different major areas which are trailing edge 
(inlet of resin), intermediate area (middle) and leading edge (outlet of resin) between 
two sample not showing the same distribution of void. The void distribution is not 







4.3 Mapping Void Content from Trailing Edge to Leading Edge 
 
Figure 4.9 and 4.10 shows the mapping of void content distribution for upper 
side of Sample 1 and Sample 2 of a resin infused wind turbine blade polymer composite 
over distance for a single blade.  
The mapping of void in Sample 1 shows that the void content is higher at the 
trailing edge (inlet), when there are two spot have the red area (14% -18%) of void 
content. Most of the yellow areas are at the middle with (10% -14%) of void content. 
The green area visible at the leading edge showing that the void content is lower at this 
area with only 6%-10% of void content. 
For the Sample 2, there are two main colours which are green and light green. So, 
the percent of the void for this blade is about from 6% to 10%. For this sample, the void 
distribution is higher at the outlet side when there are some areas that have yellow colour 
showing that the void content in that area is about 10%-12%. 
From the figure 4.9 and 4.10 that are shown below, it is clear that the void 
distribution at the upper side is not constant. For Sample 1, the range of void is from 6%-
18% whereas for Sample 2 the percent of void only range from 6% to 12%. The void 













Figure 4.11 and 4.12 shows the mapping of void content distribution for lower 
side of Sample 1 and Sample 2 of a resin infused wind turbine blade polymer composite 
over distance for a single blade.  
The mapping of void in Sample 1 shows that the void content is higher at the 
trailing edge (inlet) and tip area, when there are red and yellow colours in that area. The 
void content in that area is from 10% to 16%. At intermediate area, green colour is 
visible and showing that at this part has lowest void content with 6%-10% 
For the Sample 2, there are two main colours which are green and light green. 
The percent of the void for this blade is range from 6% to 10%. For this sample, the void 
distribution is higher at the inlet side compared to the outlet side. There is one area at the 
middle that has the light blue showing that the percent of void in that area is about 4%-
6%. 
From the figure 4.11 and 4.12 that are shown below, the percent of void at each 
sample is different. For Sample 1, the range of void is from 6%-16% whereas for Sample 
2 the percent of void only range from 4% to 10%. The void distributions are not same 























Repeatability is very essential in the manufacturing the product. The higher 
repeatability of the process, the more reliable is the product. This is because the quality 
of the product is always same as the previous manufactured. To study the repeatability 
of the product, one element will be the property of interest. That element is void content. 
By studying the characteristic of void content between two wind turbine blade polymers 
composite, which were made by same methodology, the result can be compared. 
According to the data that is obtained from the experiment, it can be concluded that the 
Resin Infusion Process is not a repeatable process since comparison between two 
samples not showing the consistent distribution of void based on the setup that has been 
done. The final result that is obtained from the experiment shows that the Resin Infusion 
Process is not repeatable process. Sample 2 has lower void content percentage compared 









 5.1 Recommendation 
Some of the recommendations that can be made to improve the results such as:  
1. Degassing process should be done properly as it can affect the formation of 
the bubbles during infusion process 
2. Make sure the dimension of the specimen is following the desired standard 
and measurement. 
3. The duration of this project is very long. The fabrication of the wind turbine 
blade needs to be done during the FYP 1 semester. 
4. Avoid the elimination of fiber glass during separation of wood as it can affect 
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 APPENDIX 1-1 
PROJECT PLANNING (GANTT CHART)
No Activities
1 
Propose project title 
2 Project topic finalization 
3 Meeting with supervisor and team members
4 Gather information from journals, research papers, articles
5 
Practice on how to perform resin infusion process
7 Proposal Defence 
8 Purchase and set up the infusion apparatus
9 Fabricate the first blade using the first infusion strategies
10 Mechanical testing preparation 1 
11 Submission of Interim Draft Report  








FYP 1 PROJECT GANTT CHART 
 




            
              
               
               
               
              
               
               
              
              




8 9 10 11 12 13 14 
              
              
              




            
              
              
              
              
              
              
 APPENDIX 1-2 
PROJECT PLANNING (GANTT CHART)
 
No Activities 
1 Run testing for all samples 1 
2 
Fabricate the first blade using the second infusion strategies
3 Mechanical testing preparation 2 
4 Run testing for all samples 2 
6 Analyzing data and result documentation 
7 Pre-EDX 
8 Submission of Progress Report  
9 Submission of Draft Report 
10 Submission of Technical Paper 
11 Oral Presentation 
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SAMPLE 2 (LOSS IGNITION TEST RESULT) 
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